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doi:10.1016/j.jtcvs.2007.04.042bjective: Significant technologic advances have improved outcomes in neonatal
ardiac surgery over the past 3 decades. However, outcomes might be different in
eveloping countries with resource limitations. We sought to identify the determi-
ants of early outcome after neonatal cardiac surgery in a tertiary referral center in
outh India.
ethods: Hospital records of 330 consecutive neonates who underwent surgical
ntervention between January 1999 and April 2006 were reviewed, and periopera-
ive variables were recorded. Main outcome measures were 30-day mortality,
ostoperative bloodstream infection, and hospital stay of longer than 10 days.
ultivariate logistic regression analysis was performed.
esults: Overall mortality was 8.8%. Mortality significantly decreased from 21.4%
efore 2002 to 4.3% after 2002 (3.2% for corrective operations, P  .0001). The
revalence of postoperative bloodstream infection remained the same, whereas
urgical site infection and hospital stay significantly increased after 2002. Predictors
f outcomes on multivariate analysis were as follows: (1) mortality—operation
efore 2002 (odds ratio, 5.5), age less than 7 days (odds ratio, 3.8), preoperative
ntibiotic use (odds ratio, 5.6), and postoperative exchange transfusion (odds ratio,
4.9); (2) postoperative bloodstream infection (21.2%)—use of cardiopulmonary
ypass (odds ratio, 2.0), reintubation (odds ratio, 7.7), and surgical site infection
odds ratio, 4.1); and (3) hospital stay of longer than 10 days (61.2%)—use of
ardiopulmonary bypass (odds ratio, 2.8), delayed sternal closure (odds ratio, 3.6),
eintubation (odds ratio, 12.1), surgical site infection (odds ratio, 13.8), and post-
perative antibiotic use (odds ratio, 4.4).
onclusions: With increasing experience, neonatal cardiac surgery can be per-
ormed with excellent outcomes in developing countries with resource limitations.
nfectious complications contribute significantly to morbidity and mortality, and
mprovements in infection-control practices should be emphasized to improve
utcomes further.
 
he field of pediatric and neonatal cardiac surgery has witnessed 
advances in the last 30 years.1-3 In the developed world there is a str
emphasis on performing corrective operations early in life, often in the
eonatal period itself, for forms of congenital heart disease (CHD) that can be
orrected.4,5 Most centers in the developed world have reported excellent outc
or neonatal cardiac surgery, with in-hospital mortality of less than 5%.6-11 This has
ecome possible because of technologic refinements, improved multidisciplinary
xpertise, and advances in the understanding of the pathophysiology and natural
istory of CHD.12 Most developed countries have well-established systems 
iagnosis and referral of sick newborns with CHD. Centers performing neonatal
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Dardiac surgery have dedicated pediatric cardiac programs
ith sophisticated infrastructure and focused expertise in
he various aspects of pediatric cardiac care. Many centers
ave the capability to perform extracorporeal circulatory
upport, which has further improved survival, especially for
he highest-risk patients.13 With decreasing in-hospital mo-
ality, the focus has shifted toward long-term outcomes and
specially neurodevelopmental sequelae.14,15
However, the situation in the developing world is strikingly
ifferent. Congenital cardiac abnormalities are the second most
mportant cause of childhood mortality in high-income coun-
ries but rank only sixth or lower in middle- and low-income
ountries.16 Delayed recognition of CHD is common, 
ost critical CHD is detected after newborns are discharged
rom the hospital. The problem is compounded by the lack
f a structured system for referral and transport of sick
eonates with suspected CHD to a tertiary cardiac care
enter. As a result, most newborns present to referral centers
n a suboptimal preoperative state, and significant attrition
ccurs before hospital presentation.17 Most centers in de-
eloping countries, such as India, work with the inherent
imitations in trained manpower, infrastructure, and equip-
ent for postoperative care that accompany fewer economic
esources.16 Furthermore, significant financial constrain
re imposed by the absence of health insurance coverage.
ll of these factors present a significant challenge for the
urgical management of neonates with CHD. Despite these
imitations, a growing number of centers in the developing
orld have started performing corrective operations for
eonates with critical CHD in the past decade.18,19
In this study we report the early results and an analysis of
he determinants of outcomes of corrective and palliative
eonatal cardiac surgery in 330 patients in a tertiary care
ediatric cardiac program in the State of Kerala in southern
ndia.
aterials and Methods
ype of Study
his was a retrospective analysis of the hospital records of all
eonates (age, 30 days) who underwent surgical intervention for
HD at our center during the period from January 1999 through
pril 2006.
tudy Setting
he data were obtained from a tertiary care pediatric cardiac
acility that caters to a population of approximately 30 million in
Abbreviations and Acronyms
CHD congenital heart disease
CPB  cardiopulmonary bypass
ICU  intensive care unithe State of Kerala in southern India. The program started in 1999 t
66 The Journal of Thoracic and Cardiovascular Surgery ● Septeith significant limitations in physician and nursing staff and
ntensive care beds. Over the next 4 years, efforts were made to
mprove the infrastructure and manpower. Additional personnel
ere recruited, and a separate step-down intensive care unit (ICU)
as created. Collaboration with a well-established pediatric car-
iovascular program (Children’s Hospital Boston) was obtained to
mprove standards of nursing care and establish ICU protocols.
here were no formal attempts to establish systems for neonatal
ransport in the region because of economic limitations, and few
renatally diagnosed patients were transported in utero during the
tudy period. Extracorporeal membrane oxygenation and ventric-
lar assist devices were not available. Although all personnel were
ncouraged to follow standardized infection-control guidelines20
ttempts to establish formal infection-control systems were only
ade toward the end of the study period.
atients
ll neonates (age, 30 days) who underwent corrective and pal-
iative operations for CHD at our center during the study period
ere included. Surgical intervention for hypoplastic left heart
yndrome and severe Ebstein anomaly was not performed. The
iagnosis of CHD was established by means of echocardiography
n all patients except one, a patient with total anomalous systemic
enous connection whose diagnosis was made on the basis of
ardiac catheterization. During the study period, several neonates
resented to our center but did not undergo surgical intervention
ecause of logistic constraints, financial constraints, or both or
ecause of family preferences; these patients were not included in
he analysis.
utcome Variables, Definitions, and Determinants
he main outcome variables analyzed included mortality, hospital
tay, and postoperative bloodstream infection. The causes of mor-
ality were determined from hospital records. Patients were divided
nto 2 eras, before and after January 1, 2002, for the purpose of
nalysis in accordance with the evolution of the neonatal cardiac
urgery program at our center. Mortality was defined as in-hospital
eath or death within 30 days of cardiac surgery. Prolonged
ospital stay was defined as a hospital stay of longer than 10 days
fter cardiac surgery. A positive blood culture was required to
stablish bloodstream infection (preoperative or postoperative).
ound infection was defined as superficial if the sternum was
table and deep if there was bony involvement and sternal insta-
ility.21 Transport to the hospital was classified as monitored i
nfant was transported in an ambulance accompanied by a doctor/
aramedic staff and unmonitored if the family brought the patient
ithout monitoring or professional assistance. Table 1 summar
ll the variables analyzed as possible determinants of outcome
fter neonatal cardiac surgery.
rotocols for Neonatal Cardiac Care
rostaglandin E1 infusion was started in patients with duct-depen-
ent pulmonary lesions if the systemic arterial oxygen saturation
as less than 70% or if a metabolic acidosis existed. We routinely
erformed a balloon atrial septostomy in newborns with D-trans-
osition of the great arteries and intact ventricular septum if the
atent foramen ovale was restrictive in the presence of low sys-
emic arterial oxygen saturation. The decision to start preoperative
mber 2007
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Dntibiotics was made on clinical grounds (presence of fever, in-
reased leukocyte count, and increased C-reactive protein level).
he use of modified ultrafiltration22 began after 2002, and t
ecision to perform delayed sternal closure was left to the discre-
ion of the operating surgeon. Sternal closure was performed as
oon as hemodyanamic stability and adequate diuresis were
chieved.23 Ventilatory management and weaning from mecha-
al ventilation were performed as per standard guidelines.24 Re-
ntubation was performed when clinically indicated. Double-
olume exchange transfusion was performed for postoperative
epsis that appeared unresponsive to intravenous antibiotics, espe-
ially when accompanied by low leukocyte counts (total leukocyte
ount 4000/mm3 or neutrophil count 1500/mm3) or platele
ounts (20,000/mm3).25 Exchange transfusion was performe
ith fresh whole blood (24 hours old) as per standard recom-
endations for neonatal exchange transfusions.25 Permission to
eview hospital records was obtained from the medical records
ivision of the institution.
tatistical Analysis
he main outcome variables (early mortality, prolonged hospital
tay, and postoperative bloodstream infection) were stratified into
groups for the purpose of analysis. For continuous variables, the
ndependent-samples t test was performed, and discrete variables
ere analyzed by using the 2 test. All variables found to be
ignificant on the univariate analysis were then stratified into
roups with a reference group for comparison and entered into a
ogistic regression model for multivariate analysis. The results of
he multivariate analysis were expressed as an odds ratio for risk of
ABLE 1. Variables included in the analyses
reoperative variables Age at diagnosis and operation, sex,
cardiac diagnosis, monitored or
unmonitored transport,
preoperative sepsis (total
leukocyte count, platelet count,
blood culture), use of preoperative
antibiotics, oxygen saturation, use
of prostaglandin E1, and
preoperative catheter-based
procedures
ntraoperative variables Use of cardiopulmonary bypass and
total circulatory arrest with
respective durations, modified
ultrafiltration, sternum left open/
closed after surgery
ostoperative variables Mortality, duration of ventilation,
intensive care unit and hospital
stay, re-intubation, chest re-
exploration, days to delayed
sternal closure, presence of
sepsis or wound infection, use of
antibiotics, and exchange
transfusion for sepsisssociation with the outcome variables. Comparison of prevalence 1
The Journal of Thoracicf mortality, postoperative bloodstream infection, surgical site
nfection, and proportion of patients having prolonged hospital
tay between the 2 eras (ie, before and after 2002) was performed
y using 2 analysis.
esults
aseline Characteristics
total of 330 neonates underwent corrective or palliative
ardiac surgery at our center during the study period from
anuary 1999 through April 2006. The baseline character-
stics of all 330 patients are summarized in Table 2. O
otal, 98 had operations before January 1, 2002, and the
emaining 232 had operations thereafter. Male subjects
omprised 65.2% of the entire group. A total of 138 (41.8%)
atients were transferred to our institution by medical/
rained paramedic personnel. Prostaglandin E1 was admin-
stered to 45 (13.6%) infants with duct-dependent circula-
ions before surgical intervention, and 67 (57.7%) of the
eonates with D-transposition of great arteries underwent
reoperative balloon atrial septostomy.
Of the total 330 operations, 208 (63%) were performed
ith cardiopulmonary bypass (CPB). Details of the cardiac
iagnoses and operations are presented in Table 3. T
ere 248 (75.2%) corrective procedures and 82 (24.8%)
alliative procedures (eg, aortopulmonary shunt or pulmo-
ary artery banding). The mean duration of CPB was 236.2
0.3 minutes. Total circulatory arrest was used in 93
28.2%) of the patients. Modified ultrafiltration was per-
ormed in 115 (34.8%) of the patients before completing
PB. The sternum was electively left open after the
peration in 143 (43.3%) patients. After the operation, 18
4.2%) patients required chest re-exploration, and 40
9.3%) required reintubation in the ICU. Mean  stan-
ard deviation duration of mechanical ventilation was
.6  3.3 days, duration of inotropic use was 4.1  3.3
ays, ICU stay was 7.9  5 days, and hospital stay was
ABLE 2. Baseline characteristics
ge at diagnosis (d)* 10.5 8.1
ge at operation (d)* 18.4 8.3
eight at operation (kg)* 2.8 0.4
onitored transport (%) 41.8
reoperative prostaglandin use (%) 13.6
alloon atrial septostomy (% of D-TGA) 57.7
reoperative blood stream infection (%) 2.7
reoperative antibiotic use (%) 4.2
ear of cardiac surgery No. of patients (%)
anuary 1999-December 2001 98 (29.7)
anuary 2002-April 2006 232 (70.3)
-TGA, D-transposition of the great arteries. *Data are presented as
eans  standard deviation.5.4  10.3 days.
and Cardiovascular Surgery ● Volume 134, Number 3 767
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Dutcome Variables
verall mortality was 8.8% (29 patients). The mortality
ecreased from 21.4% in the period before January 1, 2002,
o 4.3% in the period after January 1, 2002 (P  .0001).
lthough the number of operations per year increased sig-
ificantly after 2002, the mortality rate decreased (Figure
ABLE 3. Details of cardiac diagnosis and operations per-
ormed and mortality
ardiac diagnosis and operation
Mortality and total no. of
operations
Before 2002 After 2002
Mortality Total Mortality Total
-transposition of the great
arteries
7 22 0 94
otal anomalous pulmonary
venous connection
0 6 4 42
SD 2 6 0 11
atent ductus arteriosus 1 8 1 11
oarctation of aorta 2 12 0 21
SD closure  coarctation repair 0 2 1 2
ortopulmonary window 0 2 0 7
odified BlalockTaussig shunt 6 35 4 33
oarctation repair  pulmonary
artery banding
0 2 0  0
ulmonary artery banding 0 0 0 5
nterrupted aortic arch repair 1 3 0 1
nomalous left coronary from
pulmonary artery
0 0 0 2
emitruncus repair 0 0 0 1
otal anomalous systemic venous
connection
0 0 0 1
emianomalous pulmonary
venous connection
0 0 0 1
otal 19 98 10 232
SD, Ventricular septal defect.
igure 1. Total number of operations, mortality, and bloodstream
anfection (sepsis) by year.
68 The Journal of Thoracic and Cardiovascular Surgery ● Septehe decrease in mortality after January 1, 2002, was par-
icularly significant for corrective operations (Figure 
able 3 shows mortality for individual surgical proced
efore and after January 1, 2002. The leading causes of
ortality included postoperative bloodstream infection (n 
), low cardiac output state (n  9), pulmonary hypertensive
omplications (n 3), and miscellaneous causes (n 8). The
edian day of mortality was postoperative day 1 (range,
-18 days).
Seventy (21.2%) patients had postoperative bloodstream
nfection, and 55 (12.7%) patients had postoperative surgi-
al site infection. The prevalence of postoperative blood-
tream infection was not significantly different for the 2
ime periods (17.3% before 2002 vs 22.8% after 2002, P 
33). However, there was a significant increase in the prev-
lence of surgical site infection in the more recent period
9.1% before 2002 vs 19.8% after 2002, P  .027). A total
f 121 (28.2%) newborns received intravenous antibiotics
or bloodstream infection, surgical site infection, or both,
nd 23 (5.4%) underwent exchange transfusion for severe
ostoperative sepsis. Prolonged hospital stay (10 days)
as required in 61.2% of the patients, and the proportion of
atients requiring prolonged hospital stay was significantly
igher in the more recent period (38.7% before 2002 vs
1.6% after 2002, P  .001).
There were only 5 premature neonates in the total study
opulation. Two of these 5 died after surgical intervention.
leven patients had a weight at the time of the operation of
ess than 2 kg, with the smallest weighing 1.9 kg. Because
f the small number of premature/low birth weight patients,
e did not attempt to perform a separate analysis for these
atients.
Table 4 summarizes the variables significantly associa
ith mortality, prolonged hospital stay, and postoperative
loodstream infection on multivariate logistic regression
igure 2. Mortality for corrective and palliative procedures be-
ore and after 2002. *P < .001; **P < .05.nalysis.
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Discussion
e report the early outcomes of cardiac surgery in a cohort
f 330 consecutive neonates in a tertiary care pediatric
ardiac program in southern India. The infrastructure limi-
ations that exist in our program are typical of centers
erforming pediatric cardiac surgery in the developing
orld. The overall mortality for all neonatal corrective and
alliative cardiac surgical procedures was 8.8%. There was
significant reduction in postoperative mortality from
1.4% before 2002 to 4.3% after 2002 (P  .0001). The
eduction in mortality was particularly striking for correc-
ive operations (20.9% before 2002 to 3.2% after 2002, P
0001, Figure 2), and this compares favorably with 
omes reported from developed countries.3,5,7,10,12 The re-
uction in mortality was paralleled by a significant increase
n the annual number of surgical procedures (Figure
owever, surgical site infections were more common, and
he duration of hospital stay was longer after 2002.
On multivariate analysis, the earlier period of surgical
ntervention (before 2002), age of less than 7 days, need for
reoperative antibiotics, and requirement of exchange trans-
usion for postoperative sepsis emerged as significant pre-
ictors of mortality. Improvement in outcomes with grow-
ng experience has been reported by other centers and is
ssociated with the initial learning curve of new pro-
rams.3,5 Our study design does not allow us to determ
he specific reasons that contributed to improvements in
utcomes. It is possible that a number of factors might have
ontributed.
The adverse effect of age of less than 7 days at operation
ABLE 4. Multivariate logistic regression analysis of pre-
ictors of outcome
Odds ratio 95% CI P value
ortality (predictive power: 92.7%)
ra before January 2002 5.5 2.2–13.6 .0001
se of exchange transfusion
postoperatively
14.9 4.7–47.6 .0001
se of preoperative antibiotics 5.6 1.3–25.1 .014
ge group 7 d 3.8 1.3–11.3 .019
rolonged hospital stay (predictive power: 78.3%)
elayed sternal closure 3.6 1.8–7.4 .0001
se of CPB 2.8 1.4–5.8 .004
ostoperative use of antibiotics 4.4 2.0–9.3 .0001
eintubation 12.1 2.4–60.6 .002
urgical site infection 13.8 1.7–111.1 .015
ostoperative blood stream infection (predictive power: 92.4%)
eintubation 7.7 3.6–16.6 .0001
urgical site infection 4.1 2.1–7.9 .0001
se of CPB 2.0 1.1–4.0 .04
I, Confidence interval; CPB, cardiopulmonary bypass.n mortality is a significant finding. Although the propor- n
The Journal of Thoracicion of palliative procedures was greater in younger patients
47.5% of operations performed in the first week of life
ere palliative compared with 21.3% performed after 1
eek), the type of operation (palliative vs corrective) did
ot affect mortality on multivariate analysis. In a previous
eport on neonatal Blalock–Taussig shunts, we reported an
mmediate postoperative mortality of 10%.26 It was a rou-
ine practice in our center to perform corrective operations,
uch as the arterial switch operation, if feasible, in the
econd week of life after initial stabilization with interven-
ions such as a balloon atrial septostomy.
The other predictors of mortality were directly or indi-
ectly related to infectious complications. Preoperative
loodstream infections were present in 2.7% of patients, and
.2% required preoperative antibiotics. These rates re-
ained constant throughout the study period and could have
esulted from delays in diagnosis and referral and frequent
60%) unmonitored transports.17
Postoperative bloodstream infections and surgical wound
nfections were observed in approximately one quarter of
ur patients. Double-volume exchange transfusion (per-
ormed for neonates with multidrug-resistant gram-negative
epsis with neutropenia and severe thrombocytopenia) was
he other predictor for mortality in our study. This could be
reflection of the overall suboptimal physiologic state of
he patients caused by severe sepsis because these patients
ended to have more hemodyanamic instability and multi-
rgan dysfunction. We think the underlying indication for
xchange transfusion, rather than the procedure itself, pro-
uced the increased risk of mortality.
Despite a significant reduction in mortality, the occur-
ence of bloodstream infections did not decrease during the
tudy period. Furthermore, the frequency of surgical site
nfections and the proportion of patients requiring a hospital
tay of longer than 10 days increased significantly after
002. Analysis of predictors of prolonged hospital stay
evealed use of CPB, delayed sternal closure, postoperative
ntibiotics, presence of wound infection, and reintubation as
ignificant factors. Delayed sternal closure as a strategy was
dopted when the patient showed cardiopulmonary compro-
ise during an attempt at primary sternal closure.23 Such
atients generally required longer and more intense venti-
atory and inotropic support and were more vulnerable to
nfectious complications caused by an open chest wound
nd the presence of indwelling catheters for longer periods
f time.23 Reuse of disposable equipment was not practi
n the operating room (except for aortic and venous cannu-
ae, which were reused after sterilization with ethylene
xide) or in the postoperative unit; therefore it is unlikely
hat contaminated equipment could have contributed to the
igh incidence of infectious complications.16
The results of this study are of particular relevance to
ew pediatric cardiac programs that are being established in
and Cardiovascular Surgery ● Volume 134, Number 3 769
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Dmerging economies. Many countries in the developing
orld are now experiencing a demographic shift in pediatric
iseases as their human development indices improve. As
eonatal and infant mortality from readily preventable con-
itions decrease, CHDs are likely to require increasing
ttention. Because of resource limitations and several logis-
ic issues, there are many challenges to establishing and
aintaining a neonatal cardiac surgery program in these
ountries. Our results show that with experience, in-hospital
ortality, especially for corrective surgical interventions,
an be reduced to levels comparable with those of devel-
ped countries. Few published reports on the outcomes of
eonatal cardiac surgery are available from the developing
orld.18,19,26 These studies relate to specific conditions 
ot to the full spectrum of CHD in neonates.
Our study indicates that despite a reduction in mortality,
orbidity from infectious complications appears to be con-
iderable, and this might be a major stumbling block for
urther progress. Development and strict enforcement of
nfection-control policies (eg, hand washing before any
irect patient contact, sterile technique for invasive catheter
nsertion, and early removal of invasive catheters) is there-
ore highly relevant.27 Pediatric cardiac programs in deve-
ping countries that attempt neonatal cardiac surgery
hould include attention to infection-control policies and
rocedures when establishing their clinical practice. Most
nfection-control practices can be introduced at relatively
ow cost and have the potential to improve outcomes
ignificantly.
There are inherent limitations resulting from the retro-
pective nature of our study. We were not able to analyze
nd adjust the risk factors with respect to underlying organ
unction, and objective measures, such as blood lactate level
r mixed venous oxygen saturation, were not analyzed as
arkers of hemodyanamic compromise. Another important
imitation is the exclusion of highly complex lesions, such
s hypoplastic left heart syndrome and severe Ebstein
nomaly; excluding these would be expected to improve the
utcomes reported in this study.28,29 During the study pe-
iod, several neonates were admitted to our center who did
ot undergo operations because of logistic issues or reluc-
ance on the part of their families; this also could have
ntroduced a selection bias.
onclusions
ith increasing experience, neonatal cardiac surgery can be
erformed with excellent outcomes in developing countries
hat have limited infrastructure and resources. Infectious
omplications account for considerable morbidity and mor-
ality, and improvements in infection-control practices are
ikely to improve surgical outcomes further in this challeng-
ng age group.
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Notice of Retraction
The Editor of the Journal regrets to inform our readers that the article Malagon I, Onkenhout W,
Klok M, Linthorst L, van der Poel PFH, Bovill JG, and Hazekamp MG. Dexamethasone reduces gut
permeability in pediatric cardiac surgery. J Thorac Cardiovasc Surg 2005;130:265-271 has been
retracted.
Subsequent to its publication, the authors indicated that the study was not prospectively randomized
as stated in the Methods section. Upon independent review as an observational study, it was concludednclusions drawn with adequate certainty.
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